The apparatus in which the experiments were carried out is shown in fig. 1 . It consisted essentially of a glass beaker containing a known volume of Ringer's solution; this was supported by a wooden ring, so that the beaker was immersed in the circulating water in a imetal waterjacket, the temiiperature of which was kept constant by means of a, copper coil over a Bunsen burner. Into the beaker a vertically placed and rigidlv held glass rod dipped, the lower end of which was bent at a riT,ht an(dle and carried a fine platinuimi hook, with its concavity facing downwards. Immediately above this a second platinum hook, with its concavity facing upwards, was suspended by a silk thread from the short armii of a writing lever. Suitable balancing weights were hung from the near end of the long arm of the writing lever, whose fulerun consisted of an easily moving pivot-bearing.
Following the method of 0. B. Meyer, rings were cut from the arteries about 2 mm. in width and suspended in the Ringer's solution between the two platinum hooks, sufficient tension to keep the silk thread taut being supplied by the balancing weights. The revolving drum on which the writing lever recorded the tracings moved slowly, the samne rate being maintained in all the experiments-viz., 1 cm. in 42 sec. passing the writing point. With this arrangement any constriction would be shown by an upward movement of the writing point, likewise dilatation by a downward movement. Liquid stimulants were applied by instilling the drugs into the Ringer's solution from a glass pipette; and by a simple arrangemiient gases could be bubbled through the Ringer's solution, so that their effect on the arterial ring could be noted. One hundred and seventy-six experimiients were performed, the results of eight of which were discarded, as in these instances it appeared doubtful whether the arteries were in a condition to give a normal reaction. In the remaining experilmlents there appeared be no reason to doubt that the vessels were reacting naturally.
The stimulants employed were: (1) Carbon dioxide, (2) alcohol, (3) adrenalin, (4) barium chloride, (5) digitalis, (6) pituitrin, (7) ergot, &tc., (8) nitrites, (9) calcium chloride, (10) sparteine, (11) certain diuretic drugs. Excepting in those instances in which the dose applied is definitely stated, 7 irn was the dose used. This gave the following as the approximate strength of the drugs in dilution in the Ringer's solution: Alcohol, 1 per cent.; adrenalin, 0 001 per cent; bariunm chloride, 01 per cent.; digitalis, 0 1 per cent.; pituitrin, 01 per cent.; ergot, 0 01 per cent.; nitrites, 01 per cent.; sparteine, 0 01 per cent.
CARBON DIOXIDE.
That the products of metabolism due to the activity of an organ cause dilatation of the vessels of that organ is recognized. Barcroft and Dixon [1] conclude that carbon dioxide produces dilatation of the coronary arteries.
I performed five experiments with carbon dioxide as the stimulant, the arteries used were the carotid, coronary and gastric. The results showed in every case a uniform dilatation of the artery when the gas was allowed to bubble through the Ringer's solution, though the solution was liberally oxygenated. The dilatation was more pronounced in the case of the carotid and gastric than in the case of the coronary artery. So long as the gas was passing through the Ringer's solution the dilata- Ring preparation of carotid artery of sheep. At the indicated marks CO2 was allowed to bubble through the saline. Time: 1 cm. in 42 sec. tion continued. When the passage of the gas was stopped the dilatation perceptibly diminished, though it did not actually cease. Following doses of carbon dioxide produced similar results.
Seeing that carbon dioxide produces the same effect upon the coronary as upon the systemic vessels, whilst their innervation is different, the presumption is that the dilatation is brought about by the action of the gas upon the musculature and not upon the nerveendings of the vessels.
ALCOHOL.
Dixon [6] , in a short r6sum6, concludes that alcohol in moderate doses produces dilatation of the superficial vessels; whilst in larger A-28 doses slight constriction, followed by dilatation of the internal vessels, 'takes place. He concludes, too, that this action is partly central and partly peripheral. Kobert [9] states that dilute solutions of alcohol have little or no effect upon the renal vessels.
I carried out five experiments with this stimulant, the arteries employed being the carotid, gastric and coronary. The results showed a slight evanescent constriction, preceding a more pronounced dilatation in every case. The fact that the effect produced was of the same nature in each case argues an action on the muscle and not upon the nerveendings. The total effect was, however, but slight, which would seem to show that the main action of alcohol on the arteries is not peripheral.
ADRENALIN.
Schiafer and Oliver [16] first showed the constricting effect of' extract of suprarenal on the blood-vessels. Brodie showed that adrenalin had no constricting effect when perfused through the lungs. Plumier [13] and Wiggers [18] , however9 deny this. Schiifer [14] concludes that the coronary arteries are not furnished with vaso-constrictor nerves, since these vessels do not constrict under adrenalin. Wiggers [19] found that adrenalin in dilute solution when perfused through the cerebral vessels in situ caused constriction; he also found that adrenalin constricted the coronary and pulmonary vessels. Dixon and Halliburton [7] found that perfusion of adrenalin through the cerebral vessels causes slight dilatation of, these vessels when the brain is removed from the bodv. Langley [10] observed thafr adrenalin has a specific power of stimulating plain musele. that only those muscles are stimulated which are furnished with sympathetic nerves, and that their reaction to adrenalin is similar to that produced by stimulation of these nerves.
Thirty-foqr experiments with this stimulant gave the following results: A well-marked constriction occurred in the case of the carotid, facial, auriculo-temporal, anterior tibial, popliteal, intercostal, gastric, hepatic, splenic, and renal arteries. In the case of the pulmonary artery, whilst a certain part of the vessel outside the lung was constricted, the intravisceral portion gave no reaction at all. Dilatation Ring preparations of pulmonary artery of rabbit. At the indicated marks adrenalin was applied. A, from main stem; B, from primary branch; C, from branch in root of lung; D, from branch within lung. Time: 1 cm. in 42 sec. and not constriction was produced in the case of the coronary and cerebral vessels ( fig. 3 ). A very short latent period elapsed before the constriction commenced, the constriction was abrupt in onset, the writing point rising at an angle often approaching 900 with the horizontal. The height of the reaction was soon attained, and the vessels remained for a long time in a condition of increased tonus, in fact, it was but' rarely that any sign of return to the normal tonus was observed during a complete revolution of the recording drum, a period of roughly half an hour. In the case of the splanchnic vessels the onset of the reaction was not so abrupt, and the latent period was generally appreciably longer. In the case of the intercostal artery the constriction was but small in amount, otherwise the reaction was similar to that in the other systemic vessels. In the case of the coronary and cerebral vessels the dilatation was in all respects similar in character to the constriction produced in other arteries, that is to say, the reaction was abrupt in onset after a short latent period, the maximum was soon reacbed, and the vessels preserved their state of diminished tonus for a. considerable time.
A secondary series of experiments was carried out on the pulmonary artery, giving the following results: A ring cut from the main stem produced a decided constriction, a ring from the primary branch showed a less marked effect, a ring from the vessel at the root of the lung showed a very much less marked constriction, whilst a ring from any part of the artery within the lung produced no reaction at all. Again, when a series of rings was taken from 1 in. of the vessel, half of which was in the root of the lung and half within the lung, it was found that the first ring produced distinct constriction; the second, from the very edge of the lung, a less distinct reaction; the third, from a point just. within the lung substance, a reaction which was hardly appreciable; and the fourth from a point 4 in. inside the lung, no reaction at all. These results are expressed diagrammatically in fig. 5 .
The results of these experiments agree in the main with the results. of previous observers, except in the case of the coronary artery.
Whereas Schiifer concluded that the increase of flow, which he noted as taking place in the coronary vessels, when the heart was perfused with adrenalin, was due to increased activity of the heart-muscle, my experiments show that adrenalin produces an active dilatation of the coronary arteries. The It may be argued, then, that, although there are no vaso-constrictor nerve-endings in the coronary arteries, they do contain vaso-dilator nerve-endings; and the same remark applies to the cerebral vessels. And again, that whereas the pulmonary artery is innervated in that part which stands outside the lung, the intravisceral portion is devoid of vasomotor innervation. constriction, which was most marked in the splanchnic vessels, and of smallest degree in the cerebral and intercostal,-vessels which are known to contain very little muscle; the carotid and its branches, the puilmonary, popliteal, anterior tibial, and coronary vessels took a place intermediate between the splanchnics on the one hand and the cerebral and intercostal on the other. A distinct difference was noticeable in the character of the constriction produced by barium chloride and that produced by adrenalin ( fig. 6 ). In the latter case the latent period was short, the onset abrupt, the maximum soon reached, and the condition of increased tonus long maintained; whilst in the case of barium the latent period was generally longer, the onset of constriction far less abrupt, the maximum not reached so soon, and whlein reached the condition of increased tonus wasi not so well nmaintained.
One may conclude that all vessels that contain ain appreciable amount of muscle tissue are constricted by bariuill, and that its effect is roughly proportional to the amlount of m-luscle tissue present. DIG ITALIS I performy-ed twelve experilmaents with this drug as the stimulant.
In order to elimiinate any possible errors due to the presenice of alcohol, a watery preparation" was chosen in preference to the tincture. It was found that different artevies reacted differently to this drug ; thus the carotid, facial, auriculo-temporal, popliteal, and anterior tibial vessels were constricted: the gastric and helpatic arteries were first constricted and then dilated, and the coronary artery was dilated. The reaction in all cases was but smiiall in amiiount. Seeing, that the surface vessels and arteries of the limbs are constricted, and that the coronary artery is dilated by tlis dr(n,g, the presumiption is that its action is upon the nerve-endings. Since the action on the vessels at the best is but slight and out of proportion to the increase in blood-pressure produced in the intact animial, it w-ould appear that the m11ost important factor in its action miiust be eitlher its centrla(tction or its action on the heart. Schcafer and Vincent [17] showed that watery extracts of pituitary body constrict the systeiic arterioles. Sclhafer and AMagnus [15] showed that a watery extract of the infundibular portion of the pituitary B t.s body increases the kidney volume and produces diuresis. Herring [8] concluded that pituitary extract acts by stilmulating vasoinotor nerves. Pal [12] , also working, by Meyer's imethed, ,howed that pituitary extract 85 A acts on the carotid, nesenteric, and feimioral arteries in the same way as adrenalin, but that on the coronary and the peripheral end of the renal artery its action is opposed to that of adrenalin. Thirty-six experilnents were performed-different arteries giving liffeient restults. Thie carotid and its branches w-ere constricted; withl comparing the results. Here lay the explanation of the previous contradictory results ( fig. 9 ). I found that rings taken from the hepatic, splenic, and gastric arteries in the neighbourhood of their origin from the coeliac axis reacted either by constriction or by a scarcely peroeptible dilatation; that rings taken from the visceral! ends of these vessels reacted by 'a pronounced dilatation, and that rings taken from these at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from vessels from points between their proximal and distal ends reacted by dilatation, which dilatation became progressively more marked the nearer the point from which the ring was cut approached the viscus supplied by the artery in question. Similarly in the case of the renal artery, whilst I was never able to demonstrate a constricting reaction, the dilatation produced became progressively more marked the nearer the point from which the ring was taken approached the kidney. Fig. 10 shows this reaction in graphic form.
The reaction of the vessels to pituitrin, whether by constriction or dilatation, was never so abrupt in onset as that due to adrenalin. Whilst with adrenalin the writing point frequently described a tracing whose direction approached an angle of 900 with the horizontal, in the case of IT.
FIG. 10.
Diagram showing effect of pituitrin on splanchnic arteries. Degree of constriction and dilatation shown by vertical distances above and below base-line respectively.
pituitrin an angle of 450 was rarely exceeded. The degree of dilatation produced by pituitrin was considerably greater than the degree of constriction produced, which latter never approached that produced by adrenalin. The condition of increased tonus produced by pituitrin was not well maintained; the height of the reaction was not reached for a considerable time after the reaction had conmmenced, and when reached the tonus soon started to relax. In no case was the duration of increased tonus comparable to that produced by adrenalin.
The results of these experiments in the main confirm the conclusions of previous observers. The splanchnic vessels appear to have a peculiar vasomotor mechanism by means of which they can atone part constrict and at another part dilate at the same time to the same stimulant. Since pituitary extract produces a general increase in blood-pressure in the intact animal, it follows that, ca?teris paribus, the constricting effect on the systemic vessels generally must outweigh the dilating effect on the splanchnic vessels-a theory which my experiments do not suggest; or else we must believe that pituitary extract either has a central action, which may tend to hold in check the local dilating effect on the splanchnic vessels, or possesses both a dilating element and a constricting element, of which either the one or the other may predominate on different occasions.
ERGOT, ERGOTOXIN, TYRAMINE AND ISOAMYLAMINE.
Dale and Dixon [5] and others have shown that certain amine bodies, produced by putrefactive action, have an action similar to that of adrenalin; it has also been shown that certain of these bodies are present in watery extracts of ergot, and that they are responsible for almost the whole of the pressor action of the liquid extract.
I performed seventeen experiments with these drugs. All the arteries used, with but one exception, the pulmona;ry, were definitely constricted. In the case of the pulmonary artery no effect was produced. The reaction of ergotoxin was of considerably longer duration than that of either the liquid extract of ergot, tyramine or isoamylamine. The amount of constriction produced was at the best small. It may be concluded from the results of these experiments that since the intravisceral pulmonary artery, which is devoid of vaso-constrictor nerveendings, is the only artery unaffected by these drugs, their effect is produced by the stimulation of nerve-endings.
SODIUM NITRITE AND AMYL NITRITE.
Brunton [3] , in 1870, concluded that the lowering of blood-pressure due to amyl nitrite was caused, not by weakening of the heart's action, but by dilatation of the blood-vessels, and that this dilatation was due to the direct action of the drug upon the vessel walls.
Twelve experiments were performed. The vessels reacted in all cases by dilatation. The dilatation produced by sodium nitrite was, generally speaking, more marked than that produced by amyl nitrite; the latter drug, however, in the apparatus used could not be brought to act on the arteries in the same way as the former, owing to the difficulty of solution. The dilatation produced was in most cases abrupt in character, the maximum was soon reached, and the vessels remained dilated for a considerable time. The fact that dilatation was produced in all cases on the coronary and pulmonary, as well as on the systemic vessels, suggests that the action is on the muscle tissue and not on nerveendings.
CALCIUM CHLORIDE. Hans Meyer [11] showed that the administration of calcium salts inhibits inflammatory exudation, and that withdrawal of the normal calcium salts of the body fluids produces a hyper-irritability of the sympathetic system towards adrenalin and other drugs;
Eight experiments were performed with the drug. It was found that, when the arterial ring was placed in saline solution, free from calcium salts, adrenalin and pituitrin produced a greater reaction than when they acted on similar arterial rings in saline solution containing an excess of calcium chloride (fig. 11 ). The reactions due to barium chloride showed no appreciable difference, no matter in what proportion calcium salts were present.
SPARTEINE.
This alkaloid has been recommended as a cardiac and muscular tonic, on the supposition that it exerted a digitalis-like action on the heart and blood-vessels [4] It has been lately pointed out, however, that this is not the case, but that sparteine is a depressant; that it lowers the blood-pressure by dilatation of the peripheral vessels. I performed five experiments, using the carotid, gastric, and anterior tibial vessels. A decided dilatation occurred in every case.
CAFFEINE, UREA, AND SODIUM SULPHATE.
A series of nine experiments was performed with these drugs-each of which is known to have a marked diuretic action-comparing their action on the renal artery with that on other vessels. The results were as follows: Caffeine, whilst moderately dilating the renal artery, produced an equal effect on the splenic artery, and had no appreciable effect on the carotid. Urea produced more dilatation of the splenic than of the renal artery, the carotid artery showing no reaction to the drug. Sodium sulphate produced a scarcely appreciable dilatation of the carotid, a more marked dilatation of the splenic, and a still more marked dilatation of the renal artery. Whilst these drugs appeared to have a more powerful dilating effect on the splanchnic than on the carotid artery, no significant difference could be determined between their action on the renal and other splanchnic vessels.
In order to bring out more clearly the comparative effects of the more powerful vasomotor stimulants on different arteries, I have worked out a series of coefficients which roughly represent the degree of con- and splanchnic vesqels to adrenalin and In a certain number of my experiments a curious phenomenon was evident, though of physiological rather than pharmacological interest. The arterial rings, instead of recording their reactions to stimulants by a tracing line of more or less uniform direction, described a tracing which was broken up into a series of rhythmical units, though the main'direction of such a tracing was upward in the case of a constricting reaction.
On analysing one of these tracings it is found that the average duration of one of these rhythmical units is 25 sec. The 4verage duration of a Traube-Hering curve corresponds to eight respiratory curves, or roughly 28 sec. These rhythmical units are rather suggestive of a peripheral origin of the Traube-Hering curve, instead of the previously accepted central theory. At all events, it is evident that uznder certain corifitions the arteries^have the power of producing intrinsic rhythmical contractions.
SUMMARY.
From these results it would appear that certain arteries possess certain peculiarities in their reactions to different stimulants.-Briefly summarized: The coronary, and to a smaller extent the cerebral, arteries are dilated by adrenalin, whereas this drug produces constriction in all the other arteries. The pulmonary artery may be divided into two portions: the extravisceral portion, which is constricted by adrenalin, and the iratravisceral portion, which is either not affected by adrenalin, as my -experiments show, or is actually dilated, as shown by Brodie and Dixon. Furthermore, the pulmonary reacts to adrenalin in a progressively diminishing degree, the nearer the part of the artery in question approaches the lung. The gastric, splenic and hepatic arteries are, generally speaking, dilated by pituitrin; this dilatation decreases progressively from the viscus to the origin of these vessels from the cceliac axis, and may even give place to&a constriction in the neighbourhood of the origin of these vessels. The renal artery is dilated by pituitrin, and this dilatation increases progressively in the same vessel from its origin from the aorta to its branches within the kidney. It gives me much pleasure to record my thanks to Professor W. E. Dixon for his kind help and advice. clinical point of view, not only erroneous, but even dangerous, to administer suprarenal preparations in cases of hbemoptysis. Dixon had already shown experimentally that transfusion of the lung with adrenalin solution caused dilatation of the pulmonary vessels. Now came Dr. Cow's research, proving that the pulmonary artery did not contract when adrenalin solution was brought into contact with a portion taken from near the lung.
Dr. H. H. DALE said he had been much interested in the paper, and particularly in the results from adrenalin, which fell into line very much with the earlier observations on its action. It was some years ago since it was shown by Langeindorff that isolated rings of pulmonary artery responded to adrenalin by constriction, whereas a ring of the coronary artery responded by dilatation. That observation Dr. Cow had now confirmed. In the case of the pulmonary artery there was a superficial discrepancy between Langendorif's observation and that of Brodie and Dixon, who showed that when the lung was perfused and adrenalin added to the perfused fluid the venous outflow, instead of being reduced largely, as in the case of most other organs, was slightly increased. In a paper on another subject a year or two ago he was rash enough to suggest that possibly the discrepancy was only an apparent one, and that if the matter could be examined more fully it would be found that both observations were true, and that adrenalin did constrict the main pulmonary artery and its large branches, as he himself had confirmed on repeating Langendorff's observation, but that the action stopped short at the large branches, the small peripheral branches in the lung being either unaffected or dilated. It was gratifying to hear that Dr. Cow had successfully cleared away any remnant of the apparent discrepancy, and had shown that the apparent difference between Brodie and Dixon's and Langendorff's observation depended on the difference of the reaction of the different parts of the pulmonary artery. Whether or not that was connected with a difference in the innervation-whether the sympathetic innervation extended only a certain distance along the pulmonary artery from its root-there was no direct, evidence to show. He took it that that was Dr. Cow's suggestion, and it was consistent with the known facts. With regard to digitalis, he was interested in the statement that it caused dilatation of an isolated slip of the coronary artery, because when perfusing the isolated heart, and measuring the rate of outflow from the coronary vein by collecting the fluid as it dropped from the heart, one noticed, on adding a drug of the digitalis series, that the effect, apart from that on the heart muscle, was to decrease the rate of the coronary outflow. It might be that that was not really due to the direct effect on the coronary artery, but to the increased tonus of the intrinsic muscle of the heart caused by the action of the digitalis drug. He was a little more puzzled to bring Dr. Cow's observation on the effect of pituitary extract into line with what was known about its action before. Pituitary extract caused a very large and rapid rise of blood-pressure, and experiments showed that this was accompanied by a diminution in volume of the abdominal viscera, with the exception, mentioned by Schafer and Herring, of the kidney. Yet, if he understood Dr. Cow correctly, the large arteries in the abdomen, those supplying the spleen, stomach, and intestine, actually dilated when treated as isolated organs and submitted to the action of pituitary extract. He could only suggest that the action on the main arteries could not be a true index to the reaction of the arteries in the interior of those organs. In the case of the kidney itself, although it was true that the kidney in situ dilated when an intravenous injection of pituitary extract was given, yet the rate of outflow from the renal vein was always markedly diminished by the pituitary extract. when the isolated kidney was perfused. In regard to thecoronary artery the-A-28a evidence was clearer than in the case of digitalis, because pituitary extract had very little direct effect on the cardiac muscle itself. There was a scarcely perceptible increase in the tonus of the heart muscle, the rate became slightly slower, the beat became slightly larger; but the most marked effect of adding pituitary extract to the perfusion fluid going through the isolated heart was that the outflow from the coronary vein almost stopped for the time being, the flow being gradually resumed, and slowly recovering its original rate. So when Dr. Cow found that large branches of the coronary artery were dilated, when treated as isolated organs, by pituitary extract, it must be concluded that the reaction of the large artery was not a true index of the action of the drug on the small branches, which was the most important part of its effect; because, as Dr. Cow showed in the case of the lungs, the main artery might be constricted by adrenalin, and yet the constriction might have no effect on the rate of flow through the organ itself, the latter being almost entirely dependent on the reaction of the smaller arteries inside the body of the organ. With regard to ergot, he suggested to Dr. Cow that he should investigate another of the amines known to occur in ergot, and which on certain kinds of plain muscle, such as the muscle of the uterus and the spleen, had an extraordinarily potent stimulant action. He would be glad to indicate what he suggested, and to supply some of the substance. With regard to modification of the effect of adrenalin by calcium, he did not know whether Dr. Cow had seen a paper by Chiari and Frohlich in a recent number of Schmiedeberq's Archiv' on the modification of its effect produced by injecting oxalates. He believed their observations had a somewhat similar interpretation to the effects Dr. Cow had described. He felt great interest in the facts which Dr. Cow had brought forward, and he felt sure that some of the reactions which at present seemed anomalous would eventually find their explanation, and add greatly to the understanding of the action of various vasomotor drugs.
Dr. Cow, in reply, said he did not presume to say that his experiments afforded proof that adrenalin acted on the nerve-ending. It was merely a s'uggestion which fitted the case better than anything else he could think of. With regard to the remark about pituitary extract dilating the large vessels to the spleen, liver, &c., and that the effect on the branches inside those organs might be different, he did not perform any experiments on rings taken from inside those viscera, except in the case of the kidney. It was the same effect in regard to the coefficient; it was still dilated. But in the case of the spleen and liver he neglected to do these experiments. On the coronary pituitrin might produce either dilation or constriction. He thanked Dr. Dale very much for his suggestion, and for his offer to supply him with the new amine, an offer he would avail himself of if he had the opportunity of continuing the work.
